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Abstract
In mulberry, Fusarium root rot (FRR) causes considerable damage 
with the symptoms being the most visible in the dry season. A 
study was conducted using mulberry plants grown in pots to 
evaluate the effect of soil water availability on the Fusarium disease 
incidence and the pathogen and other microbe populations in the 
soil. Treatments consisted of low, medium, and high soil water 
availabilities in the range between the permanent wilting point 
and the field capacity. Another factor of the treatment was with 
and without addition of Fusarium oxysporum to each of the water 
availability treatments. The increases of disease incidence at low, 
medium, and high water availability were 10.1% per week, 1.0% per 
week, and 0.5% per week, respectively. At the same water contents 
but with the addition of pathogen, the rates of incidence were 13.2% 
per week, 1.9% per week and 2.4% per week, respectively. The 
disease incidence was correlated with the density of F. oxysporum 
populations in the soil. For soil without the addition of F. oxysporum, 
the pathogen densities were 20.5x104 cfu/g soil, 1.25x104 cfu/g soil 
and 1.92x104 cfu/g soil for low, medium, and high availabilities of 
water, respectively. While for soil treated with F. oxysporum, the 
pathogen densities were 30.75x104 cfu/g soil, 3.0x104 cfu/g soil, 
and 3.67x104 cfu/g soil for low, medium, and high availabilities of 
water, respectively. In contrast, the population of other fungi was 
respectively 0,5x104 cfu/g soil, 4.70x104 cfu/g soil, and 11.88x104 
cfu/g soil in that non treated and 0,50x104 cfu/g soil, 6.33x104 cfu/g 
soil, and 12.88x104 cfu/g soil in that treated with F. oxysporum. 
Also the population of bacteria was low at low water availability 
and increased with augmentation of water availability. Therefore, 
the severity of incidence not only depends on the population 
density of F. oxysporum, but also on the ratio of this fungus to other 
microorganisms in the soil.
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Introduction
Fusarium species are abundant in soils, living plants, plant debris 
and other organic substrates as free-living saprophytes, pathogens, 
and endophytes [1]. As pathogens and/or endophytes, they cause 
wilt, bayoud, pokkahboeng, stem rots, root rots, basal bulb rots, stem 
canker, dieback, Panama disease, malformation, and fruit rots in the 
temperate and tropical areas of the world [2,3]. 
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In Sulawesi, Indonesia, diseases caused by Fusarium are important 
on perennial crops such as mulberry, acacia, silk tree, and cacao [4,5]. 
Recently, Fusarium infections were observed on black pepper and 
durian. These diseases are especially clear in the dry season in open 
fields without or with just a few shade trees. In some cases, severe 
infestation of pathogen has a long term impact as crops cannot be 
regenerated by planting new seedlings [5]. 
On mulberry, Fusarium disease known as Fusarium root rot 
(FRR) is caused by Fusarium oxysporum Schlecht [4,6,7]. Mulberry 
(Morus indica linn), is an important commercial crop grown 
extensively as food plant for silkworm, Bombyx mori L. FRR disease 
devastated mulberry plantation in Gowa and Takalar regencies of 
Sulawesi indicated by yellowing of leaves along with decaying and 
rotting of roots in the dry season followed by the death of plant. The 
dry season with a high intensity of sun shine apparently offers the 
necessary conditions for physical and biological changes in the soil 
that possibly favoring the development of F. oxysporum. In addition, 
vascular wilt is enhanced in drier conditions.
This research was focused on soil water availability and its relation 
with the incidence of FRR and the density of both the Fusarium 
pathogen and other microorganism populations in the soil. Some 
physical factors in soil were also analyzed to better understand the 
dynamics of the disease.
Materials and Methods
Seedling preparation and research design
Mulberry plants of S-54 clone were propagated from shoots 
of six months old plant. These shoots were planted in plastic bags 
containing a sterilized mixture of soil, sand, and organic fertilizer 
(v/v, 2:1:1). At two months-old, the seedlings were moved to 
test pots containing 2 kg of soil collected from infested fields. 
The trial was arranged according to a completely randomized design 
consisting of six treatments with each treatment being repeated three 
times. The treatments consisted of soil medium with low, medium, 
and high water availabilities and as a control and low, medium, and 
high water availability with addition of F. oxysporum. Low, medium 
and high water availability was respectively designed at 20.7-27.6%, 
˃27.6-34.5%, and ˃34.5-41.3% of water availability in the range from 
permanent wilting point to field capacity or in the range of water 
potential between -9.8 MPa and -0.98 MPa [8]. The concentration 
of F. oxysporum spores added was 106 spores/ml. Each treatment 
consisted of nine pots, giving a total of 54 pots.
Water content, microbial population and assessment
To determine the available water content ranging between field 
capacity and permanent wilting point, soil samples were taken 
randomly from field with a high infestation by the pathogen at a 
depth of 0-20 cm. These soil samples were air-dried for 2 days, sieved 
and 2 kg of each put in pots, then saturated by addition of water and 
incubated for two days. From this pot, three samples of 20 g were taken 
in a wet condition and air-dried, then dried in an oven at 105°C for 
two days. By using respectively the formula of WFC = (MFC-ODM)/
ODM x 100% and WWP = (ADM – ODM)/ODM x 100% where MCF 
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was soil mass in field capacity, ADM was air-dry mass, and ODM was 
oven dry mass, water at field capacity (WFC) and water at wilting 
point (WWP) were respectively 41.3% and 20.7%. On this basis, three 
phases of available water content were arranged, low water availability 
(20.7-27.6%), medium water availability (˃27.6-34.5%) and high 
water availability (˃34.5-41.3%); these were equivalent to respectively 
103.3 – 206.7 g water/kg soil, ˃206.7 – 310.1 g water/kg soil and 
˃310.1 – 413.4 g water/kg soil of field origin. These water availability 
conditions were maintained by the addition of water every 3 days. 
Fusarium oxysporum was isolated from mulberry roots infected 
and cultured in PDA medium. After five days of culture, mycelia 
mats were harvested, diluted and stirred in sterile water and sieved 
to obtain spores suspension. This spore suspension was then 
inoculated into seedlings via their roots. The disease incidence 
was observed beginning from the time of inoculation until seven 
weeks after inoculation at intervals of one week. This incidence 
was calculated using the formula I = a/b x 100% where ‘I’ was 
disease incidence by root rots, ‘a’ was the number of leaves showing 
yellowing symptoms, and ‘b’ was the total number of leaves observed. 
The population of F. oxysporum and microorganisms other than 
F. oxysporum in soil was assessed by soil sampling at seven weeks 
after inoculation of pathogen or after the last observation of disease 
incidence. A sample of 20 g soil/ three pots was taken in depth of 
about 10 cm and mixed; therefore, each treatment had three mixed 
samples. From this sample, 1 g subsample was used to calculate the 
population of soil microorganisms as colony forming unit (cfu) using 
a four phase dilution method.
For measuring temperature, pH, texture, mineral and organic 
matter, and also moisture content of the soil, soil samples were taken 
from fields infested at field capacity. These samples were then sent to 
a soil Laboratory to be analyzed.
Analysis
The FRR incidence in each treatment was determined using a 
regression equation (FRR incidence in ordinate and time in abscissa). 
For evaluating significant differences between the regression 
coefficients (rates of FRR incidence) of each treatment, these 
regression coefficients were then subjected to a T-test. The data of 
microorganisms population in soil were analyzed after transformation 
to log x + 1. Duncan’s multiple range test (DMRT) was then used for 
evaluating significant differences between the treatment means
Results
Mulberry seedlings infested by Fusarium root rot (FRR) showed 
upper plant symptoms of leaves with pale veins, bending, and 
yellowing. These symptoms started in the lower leaves and were 
distributed to the upper leaves. If these leaves were touched, they 
detached easily and fell off. Symptoms appeared in the second week 
after inoculation of mulberry treated F. oxysporum, and in the third 
and fourth weeks on control mulberry plants.
The rates of FRR incidence varied with water availability in 
soil: the lower the water availability, the greater the FRR incidence 
occurring in the mulberry. The increase of FRR at low water 
availability, medium water availability, and high water availability 
with inoculation F. oxysporum were respectively 13.2%  per week, 
1.9%  per week, and 2.4%  per week. In the control, the increase was 
respectively 10.1%  per week, 1.0%  per week, and 0.5%  per week 
(Figure 1).
In soil treated with the pathogen, the population of F. oxysporum 
at low water availability seven weeks after inoculation was 30.75x104 
cfu/g soil, while at medium and high water availability was 
respectively 3.0x104 cfu/g soil and 3.67x104 cfu/g soil. In soil not 
treated with the pathogen, the population of this fungus at low, 
medium, high water content was respectively 20.50x104 cfu/g soil, 
1.25x104 cfu/g soil and 1.92x104 cfu/g soil. In contrast to population 
of F. oxysporum, the population of fungi other than F. oxysporum was 
higher at high water availability and lower at medium and low water 
availability. At low water availability with inoculation of pathogen, 
the population of fungi was 0.50x104 cfu/g soil, at medium water 
availability was 6.33x104 cfu/g soil, and at high water availability it 
was 12.88x104 cfu/g soil. In control at low, medium and high water 
availability, the population was respectively 0.5x104 cfu/g soil, 
4.70x104 cfu/g soil, and 11.88x104 cfu/g soil. These fungi populations 
included Trichoderma sp., Gliocladium sp., Paecillomyces sp., and 
Aspergillus sp. Fusarium isolates other than the Fusarium pathogen 
were not detected in this soil. In addition, at low water availability 
the population of bacteria, consisting of two isolates was lower than 
the population at medium and high water availability (Table 1). 
In all cases, the disease incidence, the population of F. oxysporum, the 
population of fungi other than F. oxysporum, and the population of 
bacteria at low water availability was significantly different (P=0.05) 
with that at medium water availability and at high water availability. 
While, these same parameters on control and on that with addition of 
F. oxyspporum were not significantly different.
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Figure 1: Incidence of Fusarium root rot (FRR) following treatments by low 
water availability, low water availability and F. oxysporum, medium water 
availability, medium water availability and F. oxysporum, high water availability, 
and high water availability and F. oxysporum. Regression coefficient or rate of 
incidence (10.1a, 13.2a, 1.0b, 1.9b, 0.5b, 2.4b) followed by same letter are not 
significantly different according to T test (P = 0.05).
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Observations of organic matter and physical characteristic of 
soil infested by FRR disease showed texture of clay, organic matter 
content of 1.5%, pH of 5.6, temperature of 27-34°C and moisture of 
64-84%.
Discussion
Since the incidence of FRR was observed in the plants growing 
in soil without addition of F. oxysporum, this indicated the presence 
of the fungus in soil came from the field. The fungus can survive as 
chlamydospores which, when they come into contact with roots, will 
germinate to infect the lateral or feeder roots [3,9]. At all of the soil 
water availability included in the study, the disease incidence tent to 
increase with increasing of F. oxysporum population in soil indicating 
that the population of this fungus determines disease severity.
The factor of soil water content, especially low water availability 
plays an important role in enhancing the incidence of FRR disease. 
The prolonged exposure to a water deficient condition causes plant 
cell turgor to be reduced and a series of harmful effects on plant 
physiology such as reduction of cell growth, cell wall synthesis, 
protein synthesis, respiration, and sugar accumulation occur, 
generating a state of increasing stress in plants [10]. Additionally, this 
condition of water deficient favors Fusarium infection and/or alters 
the relationship between a Fusarium endophyte or other endophyte 
and its plant host, leading to disease development [1,3]. A study done 
by Ghaemi et al. [11] demonstrated that water deficit resulted in 
additional colonization of the roots of tomato by F. oxysporum. This 
was probably due to root senescence and increased root exudation; 
such conditions attract the pathogen to infect the roots.
Our research also indicated that a water deficit contributes to 
biological changes in the soil. As soils become drier, the population 
activity may become dominated by more desiccation-tolerant 
microorganisms and substrate supply becomes increasingly limited 
by slow diffusion rates along the increasingly tortuous paths defined 
by thin water films. Besides this, a decrease in soil water availability 
may cause a change in the physiology of microorganisms as they 
adjust to more desiccating conditions [12,13]. Fusarium is capable 
of growing and developing in soil with limited water availability and 
with a water potential of up to -10 MPa [14,15] at pH around 6.0 [16] 
within the temperature range of 15-35°C and an optimum of 30°C 
[17].
In the study reported here, the population of F.oxysporum was 
about ten times higher at low water content than at medium and 
high water content. Furthermore, the population of other fungi at 
low water content was about ten and twenty four times lower than 
at medium and high water content, respectively. Also, the population 
of bacteria at low water content was two and three times lower 
than at medium and high water content, respectively. Therefore, 
in the pathosystems examined by this study water deficiency tends 
to build up a biological vacuum in the soil, with the result that F. 
oxysporum becomes dominant while the other soil microorganisms 
do not persist. This causes the soil to become conducive or 
receptive to F. oxysporum. Soil receptivity to a soil-borne pathogen 
reflects the capacity of a soil to allow a pathogen to establish, 
develop, persist, and express its pathogenicity on host plants [18]. 
On the contrary, increased water content with water near to or at field 
capacity correlating with a high population of microorganisms other 
than the pathogen. The soil therefore appears to become suppressive 
to F. oxysporum as indicated by very low incidence of FRR. The entity 
responsible for suppressiveness is probably antagonistic fungi since 
ratio of fungi population between high and low water content was 
higher than ratio of bacteria. Also, this soil has important antagonistic 
fungi such Trichoderma sp., Gliocladium sp. and Paecilomyces sp. and 
the soil pH of 5.6 was more suitable for development of fungi than 
of bacteria [19]. A range of textures of soil could be suppressive to 
Fusarium such as sandy to loam soil [16], but the most Fusarium-
suppressive soils are clay soils [18]. The soil under study in our 
research was clay, which is likely to have the potential to be managed 
for long lasting suppression of Fusarium.
Based on this research, disease severity of FRR expressed 
by mulberry was dependent on the density of F. oxysporum 
population, and also related to the ratio of F. oxysporum and other 
microorganism’s populations in soil. Fusarium suppressive soil 
became receptive if exposed to along period of water deficiency. Long-
standing suppression in the field can be managed by conserving high 
populations of antagonistic microorganisms through improvement 
of mulberry growth environment in order to avoid drastic reduction 
of water content notably in dry season. The use of shade crops, cover 
crops or soil cover are cultural practice methods that would be effective 
and efficient in maintaining availability of soil water and a high 
population of antagonistic microorganisms. Cover crops can increase 
the content of active organic matter in soil, microorganism biomass, 
and microorganism activity [20,21]. On other hand, mulberry is a C3 
crop that does not need a high intensity of sun shine in the dry season 
and with the use of above methods, stress will be avoided in this crop 
in dry conditions. While the mulberry is one case, other C3 crops 
such as cacao, black pepper, and durian are also subject to infection 
by Fusarium, and therefore the methods of control of Fusarium for 
mulberry can also be applied to these crops.
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Table 1: Average of fungi and bacteria population (cfu/g soil) isolated from soil with low, medium at high water content.
Treatments Fusarium oxysporum
(x 104cfu/g soil)
Fungi other than Fusarium oxysporum
(x 104cfu/g soil) Bacteria
(x 104cfu/g soil)
Low water availability 20.50a 0.50c 4.75c
Low availability + F. oxysporum 30.75a 0.50c 6.07c
Medium water availability 1.25c 4.70b 7.30b
Medium water availability + F. oxysporum 3.00bc 6.33b 10.3b
High water availability 1.92bc 11.88a 17.13a
High water availability  + F. oxysporum 3.67b 12.88a 16.25a
Data were analyzed after transformation to log x+1. Means in the same column followed by same letter are not significantly different according to DMRT (P = 0.05).
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